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ABST/tACT 

In  the  manufacturing  process ,  thc  valuc  is  added  to  the  materials  as  they  undergo  through  the  process. 
The  fundamental  manufacturing  process  incorporates  changing  the  shape ,  physical  properties  and  get  together  of  the 
parts.  The  various  manufacturing  processes  are  forging ,  machining,  welding,  extrusion  and  casting.  Machining  is 
broadly  utilized  process  where,  the  undesirable  material  is  expelled  as  chips  by  utilizing  the  mechanical  shear  force.  The 
basic  elements  of  modern  metal  removal  process  are  the  machine,  device,  cutting  apparatus  and  a  control  system.  The 
persistent  operation  of  machine  instrument  cause  tool  wear  and  lessening  of  hardware  life  and  the  outcome  is  poor 
surface  complete  and  precision.  Here  in  this  research,  we  analyse  tool  deformation,  tool  life  and  stresses  in  tool  by  taking 
cutting  insert  for  different  turning  operations.  Force  relations  are  calculated  manually  and  stress  deformation  and  other 
results  are  done  by  using  ANSYS  software  which  is  specialized  for  analysis. 
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l.  INTRODU CTION 

Single  point  cutting  tools  is  generally  used  when  performing  yarious  operations  likes;  turning,  boring, 
shaping  or  planning.  In  the  past,  they  were  shaped  from  a  solid  bar  of  cutting  tool  material  and  were  mounted 
directly  onto  the  machine  tool  during  the  metal-cutting  operation  [1-2].  The  introduction  of  an  expensive,  cutting 
tool  material  has  necessitated  that  the  body  to  be  made  of  low-cost  materials  with  a  tip  of  cutting  tool  material 
called  cutting  insert. 

1.1  Various  Cutting  Tool  Forces 

The  misshaping  of  a  work  material  suggests  that  enough  force  has  been  connected  with  y  the  device  to 
always  reshape  the  work  material.  In  case  a  material  to  be  reshaped,  it  is  said  to  outperform  its  plastic  purpose  of 
constraining.  A  chip  is  a  mix  of  reshaping  and  breaking.  The  bent  chip  is  detached  from  the  parent  material  by  the 
break.  The  cutting  action  and  the  chip  improvement  can  be  more  easily  separated  if  the  edge  of  the  instrument  is 
set  inverse  to  the  relative  development  of  the  material,  refer  [7]  figure  1  as  show  below. 
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Figure  1:  Different  Forces  Acting  on  the  Cutting  Tool 


1.2  The  Diamond  Titanium  Carbide  Insert 

The  pattern  in  the  machine  configuration  is  towards  the  machines  which  produce  the  shape  on  the  work  piece. 
This  is  proficient  by  directing  the  instrument  so  it  faces  dives,  turns,  and  structures  radii,  chamfers,  and  machines  different 
arrangements.  All  together  for  an  instrument  to  fulfil  the  necessities  of  these  perplexing  moves,  it  must  meet  certain  outline 
gauges  [2].  Since  the  device  frequently  dives  along  an  edge,  a  great  measure  of  end  cutting  edge  angle  is  required.  Back 
confronting  is  additionally  a  typical  task  on  such  setups,  and  this  requires  negative  side  cutting  edge  angle.  The  diamond 
embed  was  created  particularly  to  trace  the  activities. 

2.  MATERIALS  AND  METHODS 

2.1  Preparing  Geometric  Model 

Cutting  insert  carbide,  diamond  tipped  tool  modelling  is  the  first  step  for  any  simulation  work.  It  essentially  is  the 
modelling  of  the  Three-Dimensional  geometry  according  to  the  necessity  of  the  simulation.  In  this,  the  work  is  done  in 
Pro/Engineer  software.  This  particular  analysis  of  the  problem,  we  have  to  choose  ANSYS  software  [4].  For  this  problem, 
we  have  collected  material  property  is  to  be  produced  by  some  experimental  data  or  engineering  data  sources  are  explored 
for  the  material  properties.  So  for  material  properties,  an  unincorporated  framework  is  set  up  for  designing  information  by 
dropping  building  information  in  the  independent  box  [5-6].  The  analysis  is  to  be  done  for  the  Titanium  Carbide  (WTiC) 
material 


Table  1:  Material  Properties  to  be  used  for  Analysis 


Insert  Materials 

Modulus  of  Elasticity  e5 
(Kg/cm2) 

Density  g/Cc 

Poisson 

Ratio 

WTiC 

42 

6 

0.17 

In  this  modelling  of  the  insert  a  series  of  operations  are  to  be  followed. 

•  Create  the  key  points. 

•  Create  the  lines. 

•  Create  the  areas. 

•  Create  the  volume. 

•  Meshing 

Building  the  model  is  the  basic  step  involved  in  modelling  the  structure.  The  list  of  all  the  points  through  which 
the  basic  outline  of  the  structure  is  obtained. 
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Table  2:  List  of  Key  Points  (1-8)  for  Creating  Diamond 
Cutting  Insert 


S.No 

X  (in  M) 

Y  (in  M) 

Z  (in  M ) 

1 

0.007100 

0.000000 

0.000000 

2 

-0.007100 

0.000000 

0.000000 

3 

0.000000 

0.003700 

0.000000 

4 

0.000000 

-0.003700 

0.000000 

5 

0.006712 

0.000000 

-0.002000 

6 

-0.006712 

0.000000 

-0.002000 

7 

0.000000 

0.003700 

-0.002000 

8 

0.000000 

-0.003700 

-0.002000 

Meshing  is  the  way  towards  separating  the  analysis,  continuum  into  various  discrete  parts.  The  better  the  mesh, 
the  better  the  outcome,  however  the  more  extended  the  analysis  time.  Subsequently,  a  trade-off  amongst  exactness  and 
solution  speed  is  normally  made  [3].  The  work  might  be  physically  and  via  consequently. 


Figure  2:  Mesh  Generated  of  Cutting  Insert  Diamond 
Carbide  Tipped  Tool 


2.2  Analysis  of  Cutting  Forces 

Formulae  for  calculating  theoretical  forces  Fz,  Fy  and  Fx  in  turning  operations  are; 


Fx  =  CFx  txx  syxVn2kx  kgf 

(1) 

Fy  =  CFy  txy  syy  Vnl  ky  kgf 

(2) 

Fz  =  CFz  txz  syz  Vn  kz  kgf 

(3) 

Where  CFx,  CFy,  and  CFz  =  coefficient  characterizing  a  certain  metal  and  its  machining  conditions, 
t  =  Cutting  depth  in  mm,  s  =  Feed  rate  in  mm/rev 
v  =  Speed  of  cutting  in  M/min, 

xz,  yz,  xy,  yy,  xx  and  yx  =  Exponents  of  the  depth  of  cut  and  feed, 
n,  nl,  n2  =  Exponents  of  the  cutting  speed, 

kz,  ky  and  kx  =  General  correction  factors  taking  into  consideration  the  concrete  machining  conditions.  The  table 
1  list  the  mean  values  of  the  coefficients  and  exponents  for  calculating  forces  Fz,  Fy  and  Fx  (s<t)  in  longitudinal  turning. 
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The  values  of  CFx?  CFy5  and  CFz  are  given  for  work  materials  of  a  tensile  strength  at  indicated  in  the  table,  in 
turning  carbide  tipped  tools  on  which  y  =  +10°,  \(/  =  45°,  r  =  2  mm,  X  =  0°,  \j/t  =  10°,  operating  without  cutting  fluid  and 
having  flank  wear  hf  =  1.0  to  1.4  mm 


Table  3:  Values  of  Coefficients  and  Exponents  in  Formulas  for  Calculating  Fz,  Fy  and  Fx 
in  Longitudinal  Turning  with  a  Carbide-Tipped  Tool 


Metal  being 
Machined 

Feed 

mm/rev 

Coefficients  and  Exponents  for  the  Formulas 

Tangential  force  Fz 

Radial 

Force  Fv 

Axial  Force  Fx 

CFz 

X, 

Yz 

n 

CFv 

xy 

Yy 

ni 

CFx 

Xx 

Yx 

n2 

Steel  and  steel 
castings 
at=75  kgf/mm2 

s<0.75 

s>0.75 

300 

1.0 

0.75 

-0.15 

243 

0.9 

0.6 

-0.3 

339 

313 

1.0 

0A 

0.2 

-0.4 

Table  4:  Correction  Factors  Kshfor  Forces 


Metal  being 
Machined 

Ksh  According  to  the  Shape  of  the  Cutting  Edge 

Plane 

Convex 

Concave 

Concave  & 
Convex 

i  i 

, r  , 

All  grades  of  steel 

0.85 

0.9 

1.05 

1.0 

Assumptions  for  force  calculations: 

Spindle  speed  (N)  =  500  rpm 
Feed  (s)  =  0.2  mm  per  rev 
Diameter  of  work  piece  =  80  mm 
Rake  angle,  (y)  =  10° 

Approach  angle,  (\) /)  =10° 

Nose  radius,  (r)  =  2  mm 

End  cutting  edge  angle,  (yl)  =  10° 

Side  cutting  edge  angle,  ( X )  =  0° 

Theoretical  calculations  for  depth  of  cut  1  mm  force  calculations  are  below: 
Axial  or  feed  force,  Fx  =  CFx  txx  syx  Vn2  kx  kgf 

=  399*(l)A1.0*(0.2)A0.5*(0.125)A-0.4*0.85 
=  296.05  Kgf 
=  2904.25  N 

Radial  force,  Fy  =  CFy  txy  syy  Vnl  ky  kgf 

=  243*(l)A0.9*(0.2)A0.6*(0.125)A-0.3*0.85 
=  146.74  Kgf 
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=  1439.51  N 

Cutting  force,  Fz  =  CFztxz  syz  Vn  kzkgf 

=  300*(1)A1.0*(0.2)A0.75*(0.125)A-0.15  *  0.85 
=  104.09  Kgf 
=  1021.98  N 


Table  5:  Yarious  Force  Calculations  for  Depth  of  Cut  in  mm 


Depth  of 
Cut  (mm) 

Forces 

(N) 

Plane 

Convex 

Concave 

Concave  & 
Convex 

i - 1 

Fx 

2904.25 

3075.11 

3587.61 

3416.79 

1 

Fy 

1439.51 

1524.17 

1778.31 

1693.62 

Fz 

1021.98 

1082.20 

1262.44 

1202.33 

Fx 

5808.55 

6150.18 

7175.27 

6833.54 

2 

Fy 

2686.37 

2844.30 

3318.45 

3160.42 

Fz 

2043.97 

2164.20 

2524.89 

2403.45 

3.  RESULTS  AND  DISCUSSIONS 


From  this  study,  we  came  to  know  how  the  cutting  speed  and  feed  will  intluence  the  tool  life  and  surface  finish. 
We  made  an  analysis  of  indexable  insert  which  is  based  for  different  turning  operations  like  plane,  concave,  concave  and 
convex,  and  convex.  As  the  depth  of  cut  increases  stresses  and  deformations  developed  in  the  insert  are  increasing.  Stresses 
and  strains  induced  in  the  insert  are  increasing  about  50%  from  plain  turning  to  other  turning  operations. 
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(c)  Convex  (d)  Concave  and  Convex 

Figure  3:  Deformation  of  1  mm  Depth  of  Cut  at  Yarious  Shape  of  the  Cutting  Edge 
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Figure  4:  Deformation  of  2  mm  Depth  of  Cut  at  Yarious  Shape  of  the  Cutting  Edge 


Impact  Pactor  (JCC):  7.6197 


SCOPUS  Indexed  Journal 


NAAS  Rating:  3.11 


Analysis  ofDiamond  Titanium  Carbide  (WTiC)  Cutting  Insert 


987 


SODM.  tOUJTlC* 
STIM 
$U»  -J 
TME-1 

5HJV  <»V6) 
Pcwertraphics 
cnw^r*t 
mo- H»t 
cmc  -n.ojs 
a«  -.5ioe*o7 
.w  -.8X-»e»n 


)CV  —.351404 
rv  —. 600058 
-.7135» 
•D13T».  000171 
•Kf  *. 1526-03 
-.2726-03 
•ir  —.8436-0.3 
A-rS*51.637 
t-snncn 
I  .510007 
|  .3316»10 
.1876*11 
.2806*11 

■  .5606*11 
.6536*11 

■  .7466*11 
.8396*11 


(a)  Plane  turning 


(b)  Concaye 


AN 

8CC0U,  SOUITICH 

STSP-1 

sim  -i 

nne-i 

SBQV  <A«C) 

HwecStaphics 

ETACCT-l 

AVRES-*at 

AN 

DMf  -43.317 

S»  -.6306*07 

SWX  -.1046*12 

XV  —.054363 

TV  —.51743 

XV  -.853997 
•UIST-.  007472 

*YF  -.6006-03 
*X6  —.3796-03 

A-ZS— 26.126 

X-B0FF6» 

_  .6306*07 

.1156*11 
p— )  .2306*11 

-j  .3466*11 
.4616*11 

| - 1  .6916*11 

.8066*11 

.9226*11 

.1046*12 

ootcswHconm 

rwt  —41.254 
nm  -.6006*07 
<»«  -.9876*11 


XV  —.009851 
W  --.5747*1 
XV  >.818275 
•013t>. 007286 
•»  -.1526-07 

•YF  -.7726-03 
•XT  —.8416-01 
A- 0-14.294 


.6006*07 

.1108*11 

.2196*11 


.6586*11 

.7686*11 

.8716*11 

.»7C*]] 


(c)  Convex 


(d)  Concave  and  convex 


Figure  5:  Stress  of  lmm  Depth  of  Cut  at  Yarious  Shape  of  the  Cutting  Edge 


(c)  Convex 


(d)  Concave  and  Convex 


Figure  6:  Stress  of  2  mm  Depth  of  Cut  at  Yarious  Shape  of  the  Cutting  Edge 
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(a)  Plane  turning 


(b)  Concaye 
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(c)  Convex  (d)  Concave  and  Convex 

Figure  7:  Strain  of  1  mm  Depth  of  Cut  at  Yarious  Shape  of  the  Cutting  Edge 


(a)  Plane  turning 


(b)  Concave 
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(c)  Convex  (d)  Concave  and  Convex 

Figure  8:  Strain  of  2  mm  depth  of  cut  at  various  shape  of  the  cutting  edge 


Figure  9:  Force  Vs  Turning  Operations  at  1  mm 
Depth  of  Cut 
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Figure  10:  Force  Vs  Turning  Operations  at  2  mm 
Depth  of  Cut 


4.  CONCLUSIONS 

If  at  all  the  feed  and  cutting  speed  is  relatively  increased  there  will  not  be  much  impact  on  the  tool  life  and  work 
surface  finish  for  plain  turning.  But  for  other  turning  operations  like  concave,  concave  and  convex,  convex  etc.,  the  cutting 
feed  plays  a  major  role  in  the  surface  finish  and  tool  life.  If  it  is  increased  irrespectively,  tool  life  will  be  destroyed.  In  this 
paper,  we  have  done  a  theoretical  approach  and  to  maintain  the  accurate  result,  we  have  made  usable  software.  The  shape 
will  not  be  much  affected,  if  at  all  the  inserts  are  worn  out  in  plane  turning,  but  in  the  case  of  profile  turning  we  may  lose 
some  of  the  edges  as  well  as  the  surface  finishing. 
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Tool  life  will  be  more  of  the  inserts  which  are  used  in  plane  turning.  The  temperature  distribution  will  be  less  on 
the  insert  as  the  contact  area  is  less.  Tool  life  will  be  less  for  this  insert  which  is  used  in  profile  turning.  The  temperature 
distribution  will  be  more  of  the  inserts  as  the  contact  area  is  more.  Future  scope  of  in  this  paper,  we  have  covered  only 
static  analysis  as  a  tool  will  be  in  dynamic  motion  while  operation  there  is  necessity  of  dynamic  analysis.  A  perfect  insert 
material  can  also  be  selected  and  number  of  operations  may  be  increased. 
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